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Abstract 
Ballistic helmet is a standard infantry equipment that provides ballistic protection from fragmenting to the head, temples, ear and neck of 
the wearer. This paper presents the study of the design of a locally used ballistic helmet, i.e. Personnel Armor System for Ground Troop 
(PASGT) type helmet, from ergonomic perspectives and the identification of potential risk areas of injury based on the current ballistic 
helmet design. Two quantitative assessment techniques are employed in the investigation. First, a set of questionnaires were distributed to 
the current users of the PASGT helmet. The result showed that the 54.8% of respondents experienced pain on the parietal (top) area of 
their head, which is a potential risk area of head injury. Second, an experiment with 10-mm thick sponge layer added to the interior part of 
the helmet was conducted to test its effect on the contact pressure between the head of the wearer and the medium size PASGT helmet 
while jogging on a treadmill at 8 km/h for 180 seconds. Mean of peak contact pressure with and without wearing the sponge of 2.5 kPa 
and 2.6 kPa, respectively, are obtained from the practical test. The maximum of peak contact pressure is found to be 3.6 kPa with the 
sponge and 4.2 kPa without the sponge. The results obtained in this study indicate that there are areas of discomfort interior to the PASGT 
helmet in contact with the wearer and that the discomfort can be minimized by appending a sponge layer to the frontal of the helmet. 
 
© 2012 The Authors.Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Centre of 
Humanoid Robots and Bio-Sensor (HuRoBs), Faculty of Mechanical Engineering, UniversitiTeknologi MARA. 
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1. Introduction 
 
Ballistic military helmets are intended to protect the head of the wearer whilst providing ‘sufficient amount’ of comfort. 
Head and neck represent just 12% of the body area that is typically exposed in a battle field. However, they receive up to 
25% of all hits and almost half of all combat deaths are caused by head injuries [1]. Among others, the reason might arise 
from the fact that the helmet is not being worn as often as it should be by the troops. This paper presents two quantitative 
methods to measure the level of comfort as experienced by wearers of a locally used ballistic helmet, i.e. Personnel Armor 
System for Ground Troop (PASGT) type helmet, from ergonomic perspectives and the identification of potential risk areas 
of injury based on the current ballistic helmet design. 
 
2. Background 
 
Ballistic helmet materials and designs have been improved from time to time mainly to counter prevailing threats and the 
invention of new or improved ballistic materials. Figure 1 shows the evolution of different helmet designs and materials 
used by the United States Army (U.S. Army) since World War I. Weight, comfort, and protection level influenced the 
eventual redesign of the fragmentation helmet to become the famous M1 helmet of WW II. The steel outer shell used a 
molded inner shell to attach the suspension made of cotton webbing and leather. The composite inner liner placed into the 
 
 
* Corresponding author. Tel.: +6-03-55435158; fax: +6-03-55435160. 
E-mail address: nv_david@yahoo.com 
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1661 F. Samil and N.V. David /  Procedia Engineering  41 ( 2012 )  1660 – 1666 
ballistic steel shell. The inner liner, introduced in 1941, was made of cotton fabric-reinforced phenolic laminate. An 
improved ballistic version of the liner, fielded in 1961, used nylon fabric to replace the cotton. The one-size M1 helmet 
weighed 1.55 kg, had 0.12 square meter of surface coverage, and protected against the 0.45 caliber round at 244 m/swith a 
50% ballistic limit of 396 m/s against the standard North Atlantic Treaty Organization1.1 gram fragment simulator [3]. 
 
 
 
 
 
 
 
Fig. 1.Historical perspective of U.S. Army helmet design and materials (after [2]). 
 
With the invention of Kevlar1 in 1965, it became immediately obvious that what could be done with nylon would be 
done better with this high strength polymer. With considerable development effort, the steel pot which is the M1 helmet was 
gradually eliminated from the U.S. inventory in the late 1970s and replaced with the improved Kevlar design called the 
Personal Armor System for Ground Troops (PASGT) in 1976 [4]. The PASGT helmet that is made of Kevlar 29 and weight 
between 1.4 kg for extra small and 1.9 kg for extra large [5]. This development is next being implemented by Malaysian 
Army locally. Currently there are only three sizes available fabricated by Rohas Composite Sdn. Bhd., which are small (S), 
medium (M) and large (L) that have weight of 1.1 kg [6]. This type of PASGT helmet is classified as a conventional 
ballistic helmet. Throughout the development, improvements in protection level which is 50% ballistic limit now at 610 m/s, 
area of coverage with 0.14 square meter and better fit with 1st to 99th percentile of the U.S. military population were 
achieved while the same weight was maintained as for the M1 [2] The retention-suspension system, fixed on the shell, was 
made of nylon webbing in the form of basket to provide a stable helmet-head interface. The standoff distance between the 
head and the helmet was 12.3 mm, thus it allowed for ventilation and heat transfer as well as transient deformation due to 
ballistic impact [1].  Figure 2 shows the PASGT helmet in different side of view. 
 
 
 
 
 
 
 
 
Occipital area    Ear section                         Frontal area                         Retention- suspension system  
 
Fig. 2. The main design features of a PASGT helmet. 
 
Although the PASGT helmet The PASGT has found much praise from the troop which has saved many lives, the 
material of PASGT from laminated material is not ideal structurally, however. There are still lacks of design and human 
factor exist in PASGT helmet including balance, maintainability, weight distribution and size [7-10]. 
3. Methodology 
Two quantitative assessment techniques are employed in the investigation. First, a set of questionnaires were distributed 
to the current users of the PASGT helmet. As this study is selected on an ergonomic field, a questionnaire survey is a 
common method performed by other researchers in order to get an apparent view regarding what the respondent want and 
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experienced. Basically, this questionnaire sheet is divided into 4 sections, starting with personal information such as weight, 
height and contact number and end with an open ended question. The analysis of this survey will be explained according to 
those sections. All these information being answered are kept as a secret and confidential for study purpose only. The 
ergonomic aspects of a conventional PASGT ballistic helmet are investigated using a questionnaire-based survey and also 
via experimental techniques. 73 respondents had been answered a sheet of questionnaire as the first assessment of this study. 
This amount of respondent are consists of 10 female soldiers and 63 male soldiers in military camp of Wardieburn Camp at 
Setapak. Before the questionnaire is being distributed to the respondents, a brief explanation regarding purpose of this study 
had been given especially in describing the ergonomic term. Thus, the questionnaire will be answered in understandable 
though regarding what is ergonomic. The questionnaire sheet is given depend on the respondents request. The raw data 
obtained from the questionnaire survey is then being analyzed by using SPSS vers.16. The result of this statistical analysis is 
indicated the problem exist of PASGT helmet among the user in ergonomic factor, such as weight and heat retention. 
Second, an experiment with 10-mm thick sponge layer added to the interior part of the helmet was conducted to test its 
effect on the contact pressure between the head of the wearer and the medium size PASGT helmet while jogging on a 
treadmill at 8 km/h for 180 seconds. As the references for this subject of study are limited, the time duration for the subject 
to run on a treadmill is being identified by performing a preliminary experiment. The preliminary experiment had been 
conducted in different time duration which is 180 seconds, 300 seconds and 600 seconds. This objective of this experiment 
is to investigate the relation between pressure and time duration in order to set up the time duration for an experiment which 
is on Reserve Officer Training Unit (ROTU) of UniversitiTeknologi MARA (UiTM). The result obtained can be referred as 
in Figure 6 for 180 seconds, 300 seconds and 600 seconds. The experiment is performed by a student of Mechanical 
Engineering Faculty at the Human Factor Laboratory in Science and Technology Research Institute for Defence (STRIDE) 
without wearing sponge. As the purpose this preliminary experiment is to illustrate the relation between time and pressure, 
any enhancement to reduce the contact pressure by placing the sponge in the PASGT helmet does not significant. The peak 
pressure of every second is recorded by CONFORMat sensor system in the Tekscan software as the subject runs. 
4. Results and discussion 
4.1. First assessment: Questionnaire 
 
x Section A Question 5: Duration in military service 
Roughly, the highest  average duration of the respondents had been in military service is 1 year to 3 year as shown in 
Figure 3 and Table 1 with percentage of 65.8%. This range of duration is stated as the highest frequencies in the analysis 
with 48 respondents are answering this option. This question had been asked in Section A (Q5). Even though they are 
believed as the new member of soldier team, but they have the experience of wearing the helmet during marching and 
physical training. Thus, their answer and opinion are still acceptable for this study. 
 
Table 1. Duration range of respondents in military field. 
 
Duration (year) Frequency (n) Percent (%) 
1-3 48 65.8 
4-6 18 24.7 
7-9 7 9.6 
Total 73 100 
 
Fig. 3.Duration range of respondents in military field. 
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x Section B Question 2: Care of comfort 
Almost of respondents are also cares about comfort factor in wearing the PASGT helmet with 70 respondents are 
answering the first option given in Section B (Q2). This result can be referred in Figure 4 and Table 2. Some people will 
stated that, an army is born in a such way which is to feel the pain and being discomfort as they are in military service. As 
some interview is done within these respondents, they are giving positive feedback regarding this statement which can be 
concluded as they are also a human. They are not a steel body, the steel body who does not encounter pain and discomfort. 
Maybe by not totally providing a complete comfort feeling of wearing the PASGT, a significance improvement must be 
performed.  
 
Table 2. Concern on comfort. 
 
Options Frequency (n) Percent (%) 
Yes 70 95.9 
No 3 4.1 
Total 73 100 
 
 
 
Fig. 4.Concern on comfort. 
 
x Section C Question 2:The most discomfort part of head  
Other significance finding in this section is on Question 2 of section C. This question is asked about the most discomfort 
part of head when they are feeling pain or discomfort. Parietal area which is the top part of the head is reported as the most 
discomfort head part with percentage of 54.8% as shown in Figure 5 and Table 3. This might be caused of the construction 
of the inside part of the helmet that are using webbing strap only instead of suspension pad like in ACH as being claimed 
earlier in the previous chapter. This finding is further being used in quantitative techniques in overcome the limited shape of 
the Tekscan sensor.  
 
Table 3. The most discomfort part of head. 
 
Options Frequency (n) Percent (%) 
Frontal area 16 21.9 
Occipital area 4 5.5 
Parietal area 40 54.8 
Temporal area 13 17.8 
 
 
 
Fig. 5. The most discomfort part of the head. 
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4.2. Second assessment: Experiment 
x Verification of relation between time and pressure 
As mentioned earlier, this study has limited sources of references. The limitation arises in deciding a suitable duration 
time for a subject to perform the experiment on ROTU. For this reason, the relation between pressure and time is being 
investigated and the result obtained is correlated with the simple theory of pressure parameter. Generally, pressure in SI 
unit of N/m2 (or Pa) is made of force (Newton) dividing by area (m2). It is indicated that the pressure value does not 
change with time. This theory is strengthening by the result obtained at both mean and maximum of peak pressure 
contact for 180 seconds, 300 seconds and 600 seconds as shown in Table 4. The mean and the maximum pressure value 
obtained do not significantly change to each other whether the time is set to be longer or shorter. The mean of peak 
pressure obtained are 0.8 kPa, 0.7 kPa and 0.6 kPa for 180 seconds, 300 seconds and 600 seconds respectively. 
Furthermore, the pressures are still not radically change in maximum of peak contact pressure which is obtained as 1.2 
kPa, 1.0 kPa and 1.2 kPa for 180 seconds, 300 seconds and 600 seconds. From this, the duration time for ROTU subject 
to perform the experiment is decided to be in 180 seconds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Comparisons of peak pressure versus time for 180 seconds (green) , 300 seconds (red) and 600 seconds (blue). 
 
Table 4. Summary of result on preliminary experiment. 
 
Time duration (s) Mean of  peak pressure (kPa) Maximum of peak pressure (kPa) 
180 0.8 1.3 
300 0.7 1.0 
600 0.6 1.2 
 
x Peak contact pressure  
The experiment on ROTU  which is the second assessment of this study is to conduct an experiment regarding contact 
pressure between the helmet and the head wearer. This quantitative experiment is performed in order to investigate the 
significance contact pressure exist while wearing the PASGT helmet. The subject is asked to conduct the experiment twice 
in 360 seconds duration time, which is first session by not wearing the sponge in 180 seconds and with wearing the sponge 
for second session. The session is performed on a treadmill with velocity of 8 km/h (2.2 m/s) in order to suit the actual 
environment such as in a battlefield, deployment or physical training while wearing the PASGT helmet. Starting with 
measuring their head circumference, the experiment is performed at gymnasium of UiTM Shah Alam.  
As stated earlier, this experiment is performed by placing the sponge and without placing the sponge to the interior part 
of the helmet with an objective to reduce pressure which means to enhance the comfort feeling to the user. This idea of 
placing sponge is approached by comparing the design of conventional ballistic helmet which is PASGT with another 
helmet design known as Advanced Combat Helmet (ACH). The interior construction part of PASGT is using webbing 
rather than ACH that are using 7 suspension pad of their absorbing system. In addition, the result obtained from survey also 
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indicated that sponge is a preliminary solution for the user to have a comfort feeling while wearing the helmet. In this 
pressure mapping system analysis, the data obtained from the experiment is divided into 2 part of analysis which is mean 
and maximum of peak contact pressure.  
Figures 7 and 8 below is showed the significance peak contact pressure for mean and maximum respectively that 
experienced by all 30 subjects involved in this experiment with and without wearing the sponge. Similarly with the 
preliminary experiment as mentioned earlier, the data is recorded in the form of peak contact pressure for every second they 
are running in the Tekscan software. 
 
 
 
Fig.7. Comparison for mean of peak pressure versus subject number between without and with wearing the sponge. 
 
Fig. 8. Comparison for maximum of peak pressure versus subject number between without and with wearing the sponge. 
 
The mean of peak contact pressures with and without adding the sponge are shown in Table 5. These average values 
indicate that the peak pressure will be decreased with the addition of sponge Similarly, the maximum value of peak contact 
pressure with and without fixing the sponge are measured to be 3.6 kPa and 4.2 kPa, respectively. Addition of the sponge in 
the interior part of the PASGT helmet thereby improves the wearing comfort of the helmet. 
 
Table 5. Summary of experimental result. 
 
Variable parameter Mean peak pressure (kPa) Maximum peak pressure (kPa) 
Without sponge 2.6 4.2 
With sponge 2.5 3.6 
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Generally, almost all the subjects are experiencing this trend which is the peak pressure for maximum or mean pressure 
will reduce their contact pressure by adding the sponge inside the helmet.  
 
5. Summary 
The study on ergonomic factor for conventional ballistic helmet which is a PASGT helmet is being investigated in this 
study in order to study and investigate the design of locally used ballistic helmet from ergonomic perspective, both in 
questionnaire survey and experimental method. Starting with performing the first assessment which is by implementing a 
sheet of questionnaire survey to 73 sample size of Malaysian army in Wardieburn Camp, the outcome obtained are 
encouraging. The result of questionnaire is indicated that there are a lot of problems experienced by the helmet user in 
ergonomic viewpoint such as weight, maintainability and heat retention. From the questionnaire also, the parietal area of 
head is found as the potential risk areas of injury. In order to further investigate the comfort effect on PASGT helmet user, 
an experiment regarding pressure mapping system is performed on 30 subjects of ROTU on a treadmill at a gymnasium of 
UiTM Shah Alam. The experiment is done with velocity of 8 km/h (2.2 m/s) within 180 seconds time duration. This time 
duration is being determined by performing a preliminary experiment and it is found that time does not radically change 
with pressure as being discussed previously. By this, two important findings are found from the main experiment on those 
30 subjects. The result obtained for mean of peak pressure without wearing the sponge is 2.6 kPa and 2.5 kPa with wearing 
the sponge. Meanwhile, the maximum of peak pressure without and with wearing the sponge are 4.2 kPa and 3.6 kPa 
respectively. Generally, the contact pressure between the helmet and the head wearer can be decreased by placing a sponge 
or any other absorption materials that will absorb the vibration occur while wearing the helmet. As the Kevlar material is 
having a hard surface, it is a good suggestion to have some sort of sponge material inside the helmet. Simultaneously, this 
will increase the comfort feeling among the users especially for the Malaysian army. 
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